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Strong Evidence for Thunderstorm-mediated Intrusion May 25, 2014

A closed low with lowered tropopause height and enhanced total column O3 was over Colorado.

Cool unsettled conditions near the Front Range with temperatures in the 60s-70s (F) on the
plains and snow over the highest terrain.

A shortwave with a lobe of higher isentropic potential vorticity behind it moved to the northwest
across the Front Range.

The shortwave and deep upslope triggered a line of thunderstorms along the Front Range.

O3 increased dramatically near thunderstorms and in snow over and near the Divide.

O3 increased in storm outflow along the foothills and across the plains in the wake of the storms.
Models capture the synoptic scale impacts of the intrusion event and show some increases in O3
Decrease in N20O at NWR suggests intrusion, but “cold lightning” may have been a factor.

Thunderstorms, a sub-grid scale process, seemed to be a catalyst for an enhanced intrusion
event — leading to surface O3 in excess of model predictions.

CDPHE forecasters had never witnessed a similar event.
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§ May 25, 2014 L

Peak O3 was in the Moderate to

Unhealthy-for-Sensitive-Groups range
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NAM12 18Z Analysis run:

500 mb heights
2 Closed low southwest Colorado
/2 650 mb winds

2 650 mb IPV > 1 PVU (yellow)

' 650 mb RH < 40% (pink)

AM12 radar blue, green, dark
orange

lobe of lowered tropopause
ehind a shortwave is
oving to the northwest
northeastern Colorado.
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Kenosha Pass Mt Evans
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Mg Location:
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Point NEXRAD radar analysis
For Kenosha Pass:

~0.15 inches of precipitation
between 12 and 15 MST.

. Echo tops at ~6-12 km.

Reflectivity 3-35 dbz.

Heavy thunderstorm with hail and
0.6 inches precipitation ~18 km
fo the east from 13-14 MST.

Source: hitp://nmq.ou.edu/
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Point NEXRAD radar analysis
For Mt Evans:

Steady stratiform precipitation
between 6 and 16 MST,
With 0.41 inches.

Echo tops generally 6-10 km,
embedded convection?

Reflectivity 5-35 dbz.

Source: http://nmqg.ou.edu/
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1-hour O3 in ppb
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Approximate cumulonimbus
area at 13 MST circled
in black.

RAP analysis run for

13 MST shows prevailing
surface upslope into the
Rockies. O3 of 75-96 ppb
at higher elevation sites for
hour ending 14 MST.
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Approximate
cumulonimbus area
at 13 MST circled in black.

RAP analysis run for

15 MST shows prevailing
surface down-slope away

from the Rockies. 16 MST \
03 70-89 ppb on plains \\
west of Denver and in the
higher terrain. Broad area

of thunderstorm outflow
bringing westerles over

much of northeastern
Colorado.

Transport north to NWRT
and northeast as far as
BAO and Greeley.
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Wind shifts
associated
with storm gust front
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low and upslope flow

over most of Colorado
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AIRS Ozone & Ozone Trajec
AIRS swath start time:
’ -

50N

20°W SUSW TDW TOW 133°W 130°W 125°W W 1007w WOBOTW 7RW 700w
]

g p o 0o -

516 mb Ozone {ppbv)  Surface - Trajectory Pressure {mb) 5

ED_002666A_00001249-00016



ED_002666A_00001249-00017



e ohe ohe Pa N W oW W W W
ECREV SR A i 5 5

Heur GRT

ED_002666A_00001249-00018



Summary and Conclusions:

= 8-hour O3 concentrations above the standard with 15-minute values as high a
106 ppb at high altitude sites.

= High concentrations occurred in steady precipitation and thunderstorm outflow. |

.

= High total column O3, a lobe of higher IPV at mountain-top level and low N20O
g d p &

support the conclusion that thunderstorms interacted with a streamer of
stratospheric air to bring O3 to the surface.

= How often does this happen? Under a very similar upper low, Mines Peak
(Berthoud Pass) saw 1-minute O3 at 77 ppb in the wake of thundersnow on
May 9, 2015. 8-hour O3 at Gothic peaked at 68 ppb.

= Where tropopause folds mix with moist air in a closed low, neither relative
humidity nor IPV may always be good tracers for stratospheric air; diabatic
processes in thunderstorms can generate I[PV in model analyses.
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Water Vapor image
for 1045 MST on
May 9, 2015

Orange and red

% show dry conditions
and can help locate
tropopause folds.

Blending of folds and
moist tropospheric air
occurs near the low's
center.
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